I. Introduction
Enhanced magnetoresistance, or giant magnetoresistance (GMR), is exhibited by a variety of different inhomogeneous metallic magnetic systems. The common feature of these systems is the presence' of magnetic layers or particles separated by non-ferromagnetic material. In magnetic multilayers the largest GMR has been found in systems comprised of thin ~ sA thick Co layers separated by thin (~sA) Cu layers.1,2 In magnetic granular alloys the largest GMR has been reported in CoxAg 1 -x (x~0.2).3-5 A variety of models have been proposed to account for the origin of the GMR effect. 6 -8 Of particular interest is, the relationship of GMR to the detailed microstructure of the magnetic multilayer or alloy. The basic assumption of most models of GMR is the existence of spin-dependent scattering of the conduction electron either within the interior (bulk) of the magnetic layers or particles or at the interfaces between the magnetic and non-magnetic entities. Recent experiments strongly suggest the predominant role of interfacial scattering in accounting for the GMR of both multilayers 9 -11 and granular alloys.3,5,12 For the latter this means that the size of the magnetic particles is a key p~ameter in determining the magnitude of GMR.
Typically magnetic granular films deposited by sputtering techniques at roo.m temperature display little GMR. However GMR is obtained with appropriate postgrowth annealing. In contrast, it has been shown receiuly that slow co-evaporation using electron beam or thermal evaporation sources under UHV conditions at moderate substrate temperatures of 250°C (less than required for postgrowth annealing of sputtered films i.e. ~400°C) yields GMR in the as-grown films in Co-Ag, Co-Cu and Fe-Ag.5,12,13 In this paper, we report observations of the microstructure, 2 ,.
) including features such as defects, magnetic particle size, distribution and composition, of Fe-Ag and Co-Ag thin films grown epitaxially on NaCl (001) substrates from transmission electron microscopy (TEM) studies. Cofcc and Agfee have 13% lattice mismatch in the cube-cube orientation, the Co grows in epitaxial alignment with the Ag presumably due to high adatom mobility in this growth mode. Co particles within the Ag matrix retain their bulk lattice parameter and thus the 13% strain between the Co and the Ag lattices must be mostly accommodated at the interfaces. Dark-field imaging using the (220) Co reflection clearly shows the Co particle distribution and size (figure 2(c». The Co particle size varies from 15 to 25A, the mean "diameter" being 20A. The inter-particle distance (figure 2(c» appears similar to the particle size. However, this is not conclusive since the particles contained in the 500A thick film are in projection in this TEM image. This measurement agrees with earlier studies 5 using grazing incidence small angle x-ray scattering (GISAXS) for a Co-Ag f:t1m grown on sapphire (0001) which showed comparable mean Co particle size (==25A) but a different mean inter-particle distance (==76A).
As mentioned earlier, growth twins of Ag as well as Co are also present in this film. The Ag twins are about 700 to 1200A in size. The Co twin size could not be established due to very weak diffraction.
IV. Magnetic Characterization of Fe-Ag and CO-Ag Granular Alloy Films '.'
Although the microstructures of the two Fe-Ag films shown in figures l(a) and (b) are quite different, the f:t1ms exhibit similar MR as shown in figure 3 . Both films show decreases in resistance (for applied fields of upto 16 KOe) of about 4-5% at room temperature and 15% at 4.2 K. Similar values have also been reported for the post-annealed sputtered Fe-Ag samples. 14 An interesting feature of the data is that the GMR reveals distinct magnetic anisotropy for field applied perpendicular and parallel to the film as shown by the solid and dashed curves respectively in figure 3 . A similar result has previously been found in MBE deposited Co-Ag alloy films for which various possible mechanisms were discussed. 5 The magnetoresistance data for the Co-Ag film measured at room temperature is given in figure 4 . A resistance change of 22% under a field of 60 KOe was observed. By varying Co composition, GMR of 40% at room temperature and 71 % at 4.2 K has been observed for similar fIlms grown on sapphire substrates. 5 
v. Discussions and Conclusions
If spin dependent electron scattering at the interfaces between the magnetic particles and the host nonferromagnetic metal is the dominant scattering mechanism for GMR, then it follows that the magnitude of the GMR will scale approximately as the inverse particle size. Thus maximum GMR is expected for small magnetic particles. Annealing studies on MBE grown Co-Cu granular alloys show that the GMR is significantly reduced by annealing resulting from growth of the Co particles. 12 The TEM studies presented here show that a significant fraction, ==50-90%, of the Co-Ag sample is comprised of small Co particles, ==20...\ in diameter, in a Ag matrix. These results are consistent with our earlier x-ray studies of the size and distribution of the Co particles in similarly prepared Co-Ag alloys. 5 Larger GMR is likely to be obtained by the preparation of alloys containing uniformly small Co particles.
Moreover any dissolution of the Co in the matrix is likely to lead to reduced GMR.5 A surprising result of these studies is the similarity of the GMR exhibited by the single crystalline and polycrystalline Fe-Ag alloys grown on NaCI substrates. The microstructure of these films is quite distinct Moreover the GMR of these fllms is also similar to <111> oriented Fe-Ag fllms of the same composition grown on a Pt buffer layer on (0001) sapphire. This suggests that crystalline orientation is not a very significant factor in influencing the GMR or magnetic anisotropy of the Fe-Ag granular fllms. We note usually there is a much wider variation in GMR properties with different preparation and growth conditions. However for magnetic multi layers the magnitude of GMR is directly connected to the degree of antiferromagnetic alignment of the magnetic layers. This can be very sensitive to structural defects, especially for multilayers containing thin spacer layers. This means that GMR exhibited by multilayers is often more sensitive to structural defects than that found in granular alloys.
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